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1. INTRODUCTION ballistics of various free-flight projectiles
(Figure 1). The facility contains a gun room ,

VIPER is an unguided, anti-tank rocket control room, model measurements room,
being developed for the Army by General blast chamber, and the instrumented range.
Dynamics.

Flight tests at Redstone Arsenal showed The launcher used to propel the model isa
dispersions greater than desired or high pressure air gun. Nitrogen gas under
expected. Numerous simulation studies very high pressure is released suddenly and
were conducted , using the aerodynamic impinges on the sabot / model assembly
coefficients obtained from the wind tunnel thereby accelerating the model downrange
tests of September 1976. Various fixes were at velocities approaching 1000 fps for these
tried , e.g., shimming the fins in their tests. As soon as the sabot is free of the gun
re ta iners  to reduce twis t ing  and barrel the air pressure forces its four
translational movements, sweeping the segments to fly away from the model,
fins forward, etc. Since these efforts were leaving it unencumbered for its flight.
not productive , it was decided to conduct a
series of tests at the Aeroballistic Research
Facility at Eglin Air Force Base, Florida, so The 207 m instrumented length of the
that a fair amount of data could be obtained range has a 3.66 m square cross section for
on various configurations under controlled , the first 69 m and a 4.88 m square cross
free-flig ht condition. General Dynamics of section for the remaining length. The range
Pomona, California , conducted the tests. has  1 31 loca t i o ns a v a i l a ble as

instrumentation sites. Each location has a
Actual flight hard ware was used and , physical separation of 1.52 m and presently

since the missiles were inert , they were 50 of the sites are used to house fully
ballasted to the proper center of gravity instrumented orthogonal shadowgraph

- i location and weight. Several tests were stations. The maximum shadowgraph
• conducted on the outdoor range to develop window , an imaginary circle in which a

V a suitable sabot before firing in the highly projectile in flight will cast a shadow on both
instrumented indoor ballistic range. reflective screens is 2.13 m in diameter. A

V laser lighted photographic station is located
2. TEST FACILITY in the uprange end of the instrumented

DESCRIPTION range. This photographic station yields four
orthogonal photograp hs, permitting a

The Aeroballistic Research Facility [l]is complete 3600 view of the projectile as it
an enclosed , instrumented , concrete passes the station on its downrange
structure used to examine the exterior trajectory.5
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Four flash X-ray heads are located within is the baseline for this series of tests.
the blast chamber. These flash X-ray heads It utilizes the basic VIPER missile with
can be combined to form four in4ine or the fins swept forward 10° and shimmed
two orthogonal radiograp hic stations. tightly at the root. The fins for configuration
These s ta t ions  p r ovide in spectio n 3, depicted in Figure 4, were increased ap-

• photographs of model integrity and the proximately 10% in area, had 5° forward
model-sabot separation process as the sweep, and as shown in Figure 2, incor-
model-sabot package exits the launcher porated a design labelled “root control.”
muzzle. This consisted of shaving off a portion of the

fin at the root in an effort to force all fms to
All the instrumentation systems have twist in the same direction. Configuration 7

been designed and installed in such a is the same as 3 but with the centerbody
manner as to permit the stations to be faired in.
movable. Therefore , any station can be
moved to another instrumentation site in Configuration 12, shown in Figure 4, is
order to accommodate special test the wrap-around design used in earlier pro-
requirements. The present locations of the grams. A nozzle and fin assembly from the
various stations are tabulated in Table 1. LAW program wa~ accurately assembled to

the VIPER mci.~r case from which the nozzle
The bullet catcher was placed just aft of assembly ha i  been removed .

station 25 for unproven models. Once
• confidence in the performance of the model Figure 5 shows the sabot and fin fairing

was attai ned , the catcher was placed aft of sections as they are assembled to the missile.
station 42. A few intermediate shots were Figure 6 is a shot of the assembly ready for
made with the catcher aft of station 35. The installation in the gun , showing the fins in an

• arbitrary “zero” of the instrumented portion almost extended position inside the fin
of the range in 12 meters from the exit plane fairing. And finally, Figure 7 illustrates the
of the gun. loading procedure .

3. MODEL DESCRIPTION

Eleven models, comprising four different 4. DATA
configurations, were tested. Tabk 2 lists the
various configurations tested, as well as The shadowgrams obtained during a test
their physical characteristics. Figure 2 progra m are read and coded for utili zat ion
shows the basic VIPER configuration in specialized computer programs run on a
and the various fin configurations. CDC 6600. Aerodynamic coefficients are
Configuration 2, illustrated in Figure 2, extracted from the model’s measured ti me,
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• position and attitude histories obtained VIPER wind tunnel tests of 1976 [21 with

• from the shadowgrams. Both linear theory those of the tests described herein.
data reduction and non-linear numerical
integration techniques are utilized in this
procedure . Table 3 contains the computer A partial explanation for the disparity of
printouts that were produced. the various coefficients lies in the slight

• 
- difference in the fin set-up of the two

Table 4 lists the aerodynamic coefficients models. The Eglin model incorporated a 10°

obtained for the four VIPER configurations forward sweep in the fin assembly, and was

tested. Table 5 compares the aero- not shimmed as tightly as the wind tunnel

dynamic coefficients obtained from the model.
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TABLE 1. LOCATIONS OF RANGE INSTRUMENTATION

• Nominal
Longitudinal Distance

Unit Description from Range Origin (m)

• X—ray No. 1 Two orthogonal views -8 to -14
X.ray No. 2 (or four single plan) -6 to -12
S.G. No. 1 Two orthogonal views 2.0
S.C. No.2 I 3.5
S.G. No. 3 I 5.0

S.C. No. 4 $ 8.1
• Laser No. I Four orthogonal views 9.6

S.G. No. 5 Two orthogonal views 14.2
S.C. No. 6 i 11.2
S.G. No. 7 I 20.3

S.C. No. 8 I 21.8
S.G. No. 9 23.3
Multi. S.C. No. 1 One plane, four photos 264
S.C. No. 10 Two orthogonal views 29.4
S.C. No. 11 35.5

SG. No. 12 38.6
S C .  No. 13 41.6
S.C. No. 14 44.7
S.C. No. 15 47.7
S.C. No. 16 52.3

S.G. No. 17 55.3
S.G. No. 18 58.4

• 
• S.C. No. 19 64.4

S.C. No. 20 67.5
SC. No. 21 70.5

S.C. No. 22 73.7
S.C. No. 23 76.6
S.C. No. 24 79.6
S.G. No. 25 82.7
S.C. No. 26 84.2

• S.C. No. 27 88.8
S.C. No. 28 93.4
S.C. No. 29 98.0
S.C. No. 30 102.5
S .C. No. 31 107.1
S.C. No. 32 116.3
S.C. No. 33 120.9
S.C. No. 34 125.4
S.C. No. 35 130.0
S.C. No, 36 __________ ___________ 134.6

8
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TABLE 1. (CONCLUDED)

Nominal
Longitudinal Distance• Unit Description from Range Origin (m)

S.G. No. 37 One Plane, four photos 139.2
S.C. No. 38 Two orthogona l. views 143.7
S.C. No. 39 148.3
S.C. No. 40 152.9
S.C. No. 41 157.5

S.C. No. 42 162.0
SC. No. 43 166.6
S.G. No. 44 171.2
S.C. No. 45 178.8
S.C. No. 46 183.4

S,G. No. 47 188.0
S.C. No. 48 192.5
S.C. No. 49 197.1
S.C. No. 50 • 201.7

Note: Cun exit plane was approximately 32.2 feet uprange
from range origin (in).
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(a) Configuration 3

(b) Configuration 12

Figure 4. VIPER In flight at the laser station.
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TABLE 5. DATA COMPARISON

VOUGHT TEST EGLIN TEST I
CNcz 6.30 7.42 , 7.54

CMc~ —8.45 — 10.19 , —10.95

CA .46 .68 I

(less base drag) (includ ing base drag) I
CL .068 .032

1

I -
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